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 For multiple input-multiple output (MIMO) systems, the most common 
control strategy is the linear quadratic regulator (LQR) which relies on state 
vector feedback. Despite this strategy gives very good result, it still has trial 
and error procedure to select the values of its weight matrices which plays 
a important role in reaching to the desiered system performance. In order to 
overcome this problem, the Genetic algorithm is used. The design of genetic 
algorithm based linear quadratic regulator (GA-LQR) utilized Integral time 
absolute error (ITAE) as a cost function for optimization. The propsed 
procedure is implemented on a linear model of gas turbine to control 
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One of the most common regulators that has been used in the case of MIMO systems is the Linear 
Quadratic Regulator (LQR) which minimizes the excursion in state trajectories of a system while requiring 
minimum controller effort [1-3]. Moreover, LQR provides robust stability with a minimized energy-like 
performance index [4]. However, the startup realizations of the regulator are not straightforward task because 
they need try and error selection of the parameters (definition of weight matrices) [5]. There is no analytic 
process of finding the parameters that obtain the optimal performance of the LQR. 
Over the past couple of decades andmore, Genetic Algorithm as an optimization technique has been 
successfully applied to a wide variety of engineering problems, because of its simplicity, global perspective, 
and inherent parallel processing [6]. Therefore, such optimization technique can be used to design LQR for 
MIMO systems in a more systematic way. The GA was used to determine the weight matrices for single-input 
single-output systems [7]. Other reserchers used Ant Colony Optimization technique to determine the tuning 
parameters of the LQR [8, 9]. In this paper, as a case study to most popular industrial MIMO system, genetic 
algorithm based LQR is applied to linear model for the gas turbine engine (LV100) The proposed method gave 
systematic procedure to design LQR with optimal performance that satisfies the required design. 
 
2. ENGINE GAS TURBINE MATHEMATICAL MODEL 
In this model, there are two engine spools connected to the turbine and there is a recuperate that is 
inserted for thermodynamic efficiency improvement. Also, there are low pressure and high pressure turbines 
where the low pressure turbine is coupled with the vehicle transmission while the high pressure turbine is used 
to drive the compressor [10-12]. The schematic structure of the LV100 gas turbine is shown in Figure 1. 
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Figure 1. Gas turbine engine schematic diagram (LV100) 
 
 
Practically, it is required control the two inputs, main fuel flow and output power, to adjust the gas 
spool speed [10]. The system has five states with two inputs and two outputs. 
 
?̇? = 𝐴𝑥 + 𝐵𝑢  (1) 
 




 𝑎𝑠 𝑡ℎ𝑒 𝑖𝑛𝑝𝑢𝑡 , 𝑦 = [𝑁𝑔𝑇6]
′






Where: xwf and xVATN are the states that has been associated with actuation of the state of a normalized space 
representation. 
 
  '6 ATNVwfpg xxTNNx   
 
It is clear that this state-space model is open-loop unstable since it has the following set of eigenvalues: 
 
[-3.3330   -0.1096    1.4088   25.0000 - 33.3300] 
 
Moreover, the model is completely controllable as the rank of the controllability matrix is 5 which is 
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G11 =
42.95 s + 4.634
s3 + 26.53s2 + 38.3s + 4.128
 
G12 =
300.4s2 + 120.2 s − 10.71




6.309 s + 0.7566




−4.489s2 − 56.16 s − 6.554




3. GENETIC ALGORITHM 
Genetic Algorithm (GA) it is global-search that based on the biological theory of evolution in addition 
to the mechanism of the natural genetic. One the main advantages of this algorithm is that it is computationally 
simple and does not have any assumption about the space of the search where it more likely to converge toward 
a global solution because it simultaneously evaluates more than one point in the parameter space. Another 
advantage of this method is that it is recommended for searching noisy, multimodal and complex system. 
This algorithm is different from other algorithms by the working principle where it deals with the coding of 
the parameters rather than the parameters themselves. Also, in certain cases, the binary coding has been 
suggested [13]. 
Regarding search method, the search for the population of points and climb many picks are done in 
parallel and the algorithm needs only the object function values to manage the search without the need for other 
auxiliary information. To guide its search, GA uses probabilistic transition rules rather than the deterministic 
transition rules to manage its search. For these reasons, GA gives better and more robust results than other 
traditional methods [14]. In GA, population is the set of all strings where each string is one possible solution 
for the problem. It starts by generate initial population of strings randomly then, by applying genetic operators, 
the population evolves from generation to generation. According to their fitness value, all the strings will be 
evacuated. Figure 2 shows the three main operators of the GA which are reproduction, crossover, and 





Figure 2. Flowchart of genetic algorithms 
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4. LINEAR QUADRATIC REGULATOR (LQR) 
Liner quadratic regulator (LQR) is a control that working based on minimizing the index of 
the quadratic performance which as result provide an optimal control law [17-19]. The block diagram of 





Figure 3. Linear quadratic regulator structure 
 
 
The aim of the design is to minimize the quadratic cost function J by finding the suitable control input 





According to the LQR, Q should be positive semi-definite while the weighting matrix R should be positive 





























The block diagram of LQR controller of the gas turbineis shown in the Figure 4 
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Figure 4. Blok diagram LQR with gas turbine 
 
 
5. OBJECTIVE FUNCTION 
Objective function considered as the heart of the genetic algorithm and the most difficult part of its 
design. For this paper, it is required to evaluate the optimum LQR controller for a gas turbine so the objective 
function will be selected to achieve this aim. The objective function might me created depending on 
the controller performance like the overshoot and rise time but it is better to combine all the transient and steady 
state specifications in the objective function [22]. This combination will minimize the error of the controlled 
system. The effectiveness of the objective function will be directly on the chromosome where each 
chromosome will pass into it [23]. After passing into the objective function, chromosome will be evaluated 
and according to this evaluation, it will be assigned by a number that represent its fitness where the bigger 
number is the better fitness. This fitness value then will be used to create new population. Defining 
the chromosome representation will be the start of the tuning procedure by the GA where each chromosome is 





Figure 5. Chromosome definition 
 
 
The state and weight matrices Q and R will be represented by seven values and these values will form 
the chromosome. These seven values are q11, q22, q33, q44, q55, r11and r22. These values must be positive 
to be evaluated [24,25]. The next step is the calculation of the fitness function where it represents the quality 
of the chromosome and it can be defined in many different forms, in this paper, we will define it as Integral 
Time Absolute Error (ITAE) 
 







Figure 6 shows the GA_LQR of the gas turbine. 
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Figure 6. Block diagram of GA-LQR controller of the gas turbine 
 
 
6. SIMULATION AND RESULTS 
In this section, the result of the GA-LQR will be analyzed after been analyzed with a population size 
of 20. The response specifications that will be analyzed are the overshoot, where it desired to be minimum, rise 
time and settling time, they are desired to be fastest. Table 1 summarize the GA property with the relative 
values and methods since the best response will be selected depending on them. 
 
 
Table 1. Parameters of GA 
GA property Value/Method 
Population Size 20 
Max No. of Generations 100 
Fitness Function Integral Time Absolute Error (ITAE)  
Selection Method Normalized Geometric Selection 
Probability of Selection 0.05 
Crossover Method scattering 
Crossover probability 0.2 
Mutation Method Uniform Mutation 
Mutation Probability 0.01 
 
 
The GA- LQR controller weight matrices Q andR are: 
 
Q   = blkdiag(q11 , q22 , q33 , q44 , q55)  
= blkdiag(45.949, 0.251873, 45.7067, 0.367866, 0.418926) 
 
R = blkdiag( r11, r22 ) = blkdiag(0.230221, 5.08264 e-005) 
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The closed loop poles (Eigen values) are shown in Table 2. The number of generation of the weight 
matrices Q and R elements (q11,, q22 , q33 , q44, q55 , r11 and r22) values of GA-LQR controller are shown in 
Figure 7. The state vector response for GA-LQR with input vector [1 0] and illustratingboth gasgenerator spool 
speed Ng and vehicle transmission T6 outputs are shown in Figure 8. Figure 9 shows the state vector response 




Table 2. Eigen values 
Closed loop poles  Value 
P1 -75.2227 +37.5527i 
P2 -75.2227 - 37.5527i 
P3 -48.5339 +40.0904i 











Figure 8.The state vector response of the GA- LQR with input [1  0] 
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Figure 9. The state vector response of the GA- LQR with input [0 1] 
 
 
Table 3. Time response specifications 
Response charaecteristics GA-LQR LQR of Ref.6 
Rise time 0.04 0.39 
Settling time 0.07 0.686 




In conclusion, this paper presented a method that used GA technique with LQR then applied to state 
feedback control system. This strategy modified the state transition matrix then it used to propose the outline 
the difficulties at the LQR control process. These difficulties were consisting of the definition of the Q and R 
matrices (Weight matrices). This paper should that GA-LQR guaranteed the required system response 
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